The objectives of this study were to evaluate nutritional status, aptitude and physical activity at the beginning and end of the nutrition education and physical activity intervention program as compared with a control group. METHODS: We conducted a 28-week quasi-experimental study involving 238 students (108 in the intervention group (IG) and 130 in the control group (CG)). The IG participated in curricular and extracurricular activities for nutrition education (50 min once a week) and physical activity (50 min twice a week), and the CG participated only in curricular activities. Nutritional status was determined using body mass index, according to the WHO 2007 curve. The effect of the intervention program was evaluated using a model of generalized estimating equations. RESULTS: Among overweight students, a greater reduction in percentile of BMI was observed in the IG (64.6%) compared with CG (36.4%), P ¼ 0.001. Improvement in nutritional status occurred in 26.2% of IG versus 10.4% of CG (P ¼ 0.014). The IG showed a significant increase in the amount of moderate or vigorous physical activity (P ¼ 0.012), whereas in the control group the increase was not significant (P ¼ 0.810). In three physical fitness tests, the IG showed significant improvements in performance (Po0.001), whereas the control group's performance was worse in the final evaluation. CONCLUSIONS: The intervention program had a positive effect on overweight, with significant improvements in nutritional status and physical fitness.
INTRODUCTION
Brazil is going through changes in its public health profile, with increasingly lower rates of malnutrition and higher rates of obesity, 1 thereby increasing risk factors for the development of chronic diseases. 2 Interventions in the school environment seem to be the most relevant strategies for combating and preventing childhood obesity because, after family, school is the main institution responsible for the development of young people. 3 Physical activity and nutrition education programs for students performed in different countries found positive results related to improvement in nutritional status. [4] [5] [6] [7] In this way, school environment may effectively contribute to changes in eating habits, physical activity and lifestyle. 8, 9 Despite this evidence, no consensus was reached on which intervention would be more effective in controlling and preventing overweight among children.
A relevant aspect of an intervention in school project is its potential reproducibility, suggesting the possibility of applying it to different scenarios in response to the urgent need to control and prevent overweight in children.
The goals of this study were to evaluate nutritional status, aptitude and physical activity at the beginning and end of the nutrition education and physical activity intervention program as compared with a control group.
MATERIALS AND METHODS
The design is that of a quasi-experimental study. The population in the intervention group (IG) was composed of students from three public schools. The selection of those schools was made on the basis of the conditions offered, such as the availability of a physical area for the development of activities and collaboration from the school board and teachers. Selection of the children for the IG was by adhesion (convenient survey), that is, children from schools participating in the program were invited, thus ensuring a minimum number of overweight participants, according to the calculated sample size. The participants in the control group (CG) were selected from seven public schools and paired by nutritional status, age and sex.
Estimation of the sample size was based on an expectation of 20% difference toward the IG in relation to the percentage of overweight (including obese) children who showed a decrease in BMI percentile at the end of the program. The test power was 80% with a 5% significance and 30% added for potential drop out. Thus, the estimated number of overweight subjects in each group was 52.
The inclusion criteria were the following: children from 6 to 11 years of age, attending the chosen schools, available to attend the program activities and who brought the Terms of Informed Consent form signed by the parents or a responsible guardian. Children with low weight (BMI under 5) were excluded.
In the end, the IG was composed of 108 participants (43 eutrophic and 65 overweight and obese), whereas the CG had 130 participants (53 eutrophic and 77 overweight and obese). Throughout the program there was a loss of 28 individuals (20.6%) in the IG (13 eutrophic and 15 overweight and obese) and 8 subjects (5.8%) in the GC (3 eutrophic and 5 overweight and obese). The profiles of the initial and final samples, in terms of IG and CG, were analyzed by chi-square test and Student's t-test. For the IG, we obtained P ¼ 0.871 (sex); P ¼ 0.526 (nutritional status); and P ¼ 0.346 (age average). For the CG, P-values for sex, nutritional status and age average were 0.416, 0.855 and 0.132, respectively. Therefore, even with sample loss, the initial characteristics of the sample were maintained.
Anthropometric measures were collected according to the manual from the Centers for Disease Control and Prevention. 10 Body composition was evaluated by skinfolds by means of a Lange adipometer (in the triceps area and on the calf) according to the manual for Fitnessgram/Activitygram.
11
To minimize calibration errors, the value used was the average of three measurements. For nutritional status, body mass index (BMI) was evaluated using the 2007 World Health Organization growth curve as a reference. According to z-score classification, children under À 2 s.d. from average were defined as low weight or thin, those between À 2 s.d. and þ 1 s.d. as eutrophic, those over þ 1 s.d. until þ 2 s.d. as overweight and those over þ 2 s.d. as obese. 12 To estimate the percentage of body fat, the sum of two measures of skinfold was used, with each value corresponding to a fat percentage according to sex and age. 11 Physical activity was analyzed using a recall questionnaire on recorded activities for every 30 min, between 0700 and 2200 of the previous day. On three different days, the type of physical activity (light, moderate and intense) was measured. This questionnaire was translated and put on paper, according to the ActivityGram software provided by the Cooper Institute. 11 The questionnaire also provided information about hours spent watching TV, playing videogames or using the computer. A daily average of activities was obtained.
The evaluation also included the following four physical fitness tests: PACER-progressive aerobic cardiovascular endurance run; the push-up test evaluates strength and resistance of the upper body muscles; the curl-up test evaluates abdominal strength and resistance; the back-saver sit and reach test evaluates flexibility. The last one is conducted in triplicate, and the average is then calculated in each group. 11 The physical fitness tests were conducted for both the IG as well as the CG at the beginning and end of the intervention program.
The intervention program was developed to overlap the school year, with a total of 28 weeks of activities. Two parallel activities comprised the program, one was nutritional education and the other was programmed physical activity. In addition to the activities of the intervention program, other complementary activities were developed involving students and family: a lecture on childhood obesity and two gymkhanas with games and play activities. The CG did not take part in any program activities.
The nutrition education occurred once a week for 50 min duration. Eighteen topics were addressed and the curriculum included reinforcement activities about knowledge of food content and healthy nourishment. The content was delivered through talks, movies, ludopedagogical activities and snack preparation by the students. Following topics were approached: how to have a healthy diet; the importance of each of the meals; healthy eating: the food pyramid, 10 steps of healthy eating; food labels, food hygiene; food preservation; food and physical activity. 13, 14 The students took part in extra classroom-structured physical activities twice a week (50 min each). The classes were designed by the Assistant Manager of Fitness from the Cooper Institute (Dallas, TX, USA) and were given by trained teachers. In addition to designing the activities and training the class leaders, the principal investigator followed the activities and took part in the initial and final measurements.
The classes were structured according to a previous plan, with several activities, with 10 min of warm-up, 20 min of cardiovascular activity, 15 min of muscle endurance work and 5 min of flexibility exercises. Data were analyzed with the STATA software, version 9.2, SPSS, version 17.0 and FitnessGram/Activity, version 8.0.
The IG and CG were tested to verify that both were similar before starting the intervention program. An analysis of variance test was performed comparing age averages between the IG and the CG. Pearson's chi-square test was used to compare possible differences by gender and nutritional status.
To evaluate the effect of the intervention program on outcomes, analysis with the generalized estimating equations model was used to control for possible heterogeneity between the clusters (schools). 15 For the comparative analysis of BMI averages, body fat percentages and percentiles of BMI inside the same group and between both groups, measurements of the physical aptitude test of physical activity, before and after intervention, the Wald test was used. The interaction group versus time comparison was used (Wald test) to evaluate the relationship between the variables of BMI, body fat percentage, percentile of BMI, moderate or vigorous activities, time spent watching TV, PACER, push-up, curl-up and back-saver sit and reach. The changes in nutritional status and BMI percentile were calculated using Pearson's chi-square test. The level of significance used was 5%, and the confidence interval was 95%.
The 
RESULTS
Both groups had similar initial characteristics in relation to sex (P ¼ 0.944), nutritional status (P ¼ 0.873) and average age of participants (P ¼ 0.381). Table 1 shows a significant change in the BMI percentile on comparing the two groups at the end of the study. In the global population, a greater reduction of percentile of BMI was observed in the IG. In those who were overweight, this difference was even greater.
Analyzing Table 2 , a statistically significant change was observed in the nutritional status of participants when comparing the results of the IG with those of the CG. For the total study population, the percentage of improvement in the IG was more than double that of the CG. Upon stratification by overweight, a similar proportion was found.
As shown in Table 3 , in the initial intergroup measurement, the two groups were shown to be similar with respect to all variables. 
Physical activity and nutrition education program LSM da Silva et al
The final measurement showed that for BMI, body fat percentage and percentile of BMI, a larger increment happened in the CG; however, this difference did not have statistical significance in all strata of nutritional status.
In the intragroup analysis of the total sample, the average BMI remained stable in the IG, but there was a reduction in the body fat percentage and percentile of BMI at the end of intervention; however, the difference between these two variables did not reach statistical significance. In the evaluation of CG, the averages of all variables increased, with significant differences found in BMI and fat percentage. In the eutrophic population, the IG increased its means. Although there were greater increases in all averages in the CG, statistical significance was observed in the BMI and in body fat percentage increases.
Comparing the measurements of overweight participants in the IG, significant reductions in BMI and BMI percentile were found, as well as a reduction in fat percentage. In the CG, both the BMI averages and the averages of fat percentage increased with statistical significance. The percentile of BMI remained stable.
For the interaction group versus time in the global sample, the change that occurred in the groups due to the intervention showed statistical significance for all variables. The eutrophic population of both groups did not show a significant change in the BMI, fat percent and BMI percentile averages. However, among overweight students, all three averages decreased significantly in the IG, whereas BMI and fat percentage increased in the CG. Table 4 shows the results of activity and physical fitness. Initially, both groups were similar, only the variable of TV time with the IG having an average slightly higher than the CG (Po0.05).
At the end of the intervention program, participants in the IG had a much better performance on the physical activity tests than those in the CG. There was also a greater improvement in the average time of moderate and vigorous physical activity in the IG. With regard to the average number of hours spent watching TV, there was an inverse relationship; with a decrease in the IG and an increase in the CG. The results show significant improvements in performance on the physical activity tests in the IG compared with the CG at the end of the program.
Upon intragroup analysis, relevant changes were observed in the evaluations pre-and post-intervention in each group. In the IG, the improvement in physical performance was quite evident in the PACER, and the push-up and curl-up tests. In the IG, there was an increase in the average minutes of daily activity and a significant decrease in the average time of watching TV. Different results were found in the CG, where there was a negative statistically significant difference for the physical activity tests.
For the analysis of the interaction group versus time, statistical significance was found for the variable of TV time and for all tests of physical fitness.
DISCUSSION
At the end of the intervention program, the BMI average in the IG remained stable, whereas in the CG there was an increment of 0.6 3 Three other studies also found significant differences in BMI reduction in the IG when compared with controls. 7, 16, 17 As for adiposity, the results show a reduction in the average of body fat percentage in the IG at the end of the program, whereas this rate increased in the CG (P40.001). Corroborating the results of this study, a study performed in Madison with obese adolescents found a greater reduction in the percentage of body fat in the IG. 18 Another randomized study that evaluated obese young people found a positive result after intervention program, with significant reduction (Po0.001) in fat percentage in the IG, whereas this variable increased in the CG. 17 On the other hand, Vizcaíno and collaborators did not find a significant change in fat percentage between the intervention and control groups, similar to what happened in indigenous American community. 19, 20 Regarding changes in nutritional status among overweight students, the improvement percentage was 26.2% in the IG compared with 10.4% in the CG (P ¼ 0.014). Similar results were found among Swedish children who took part in an intervention program, with a significant improvement in nutritional status in IG compared with CG (IG: 14% and CG: 7.5%, Po0.05). 21 Other authors also found positive results related to reduction in obesity in groups who received intervention, for example, the KLF study, 6 and the study performed in Beijing. 5 Three other studies conducted in Chile, England and the United States also show results favorable to intervention, reducing the percentage of overweight in the IG. 7, 22, 23 The participants in the intervention program of Criciú ma showed a greater increase in the average of moderate and vigorous physical activity in the IG compared with the CG (P ¼ 0.009). A similar result was found in the Happy 10 study, and in three other studies, [24] [25] [26] [27] which showed a greater increase in physical activity in the IG compared with the CG. Positive results were found in students taking part in the intervention (IG), with a significant reduction in the time spent watching TV, playing videogames or using the computer, as opposed to the increase observed in the CG (Po0.001), as in other similar studies. 28, 29 The intervention program was effective, with marked improvement in performance on the physical fitness tests. In the PACER test, the IG significantly increased (from 23 laps to 35). In contrast, there was a significant decrease in the CG (from 22 laps to 18; Po0.001). Likewise, Kain et al. 7 observed a better result in aerobic capacity in the IG when compared with the CG (Po0.001). In another study performed in Switzerland, improvement on the aerobic capacity test was observed in the IG compared with the CG (P ¼ 0.04). 27 In the push-up and curl-up tests also the performance was better for the IG in relation to the CG (Po0.001). With respect to both tests of muscle strength, it was not possible to compare the results due to the lack of data in the literature. Despite this, the results were notable and deserve to be considered.
The limitations of this study were, in part, due to design. Despite random clinical assays being considered the gold standard for interventions, the quasi-experimental design was chosen due to the operability of the project. Because it is a complex program with extracurricular activities twice a week, it would be unfeasible to move the IG participants to places too far away from their homes to take part in the activities. The CG was selected to minimize this limitation, guaranteeing similarities in sex, age and nutritional status. Another limitation is the generalization of the results as comparison of the findings is limited to scenarios and populations with similar characteristics to this study. It was also hard to compare the results of physical fitness tests with data from the literature owing to the scarcity of publications with this approach on children and the diversity of presentations of such results.
CONCLUSIONS
We conclude that there was an improvement in the nutritional status of the participants of the intervention program, as a significant decrease in BMI percentile in this population, compared with the CG, was reported at the end of the study. In addition, an improvement in the activity pattern and physical fitness of the IG was also observed. The intervention program was effective in preventing and reducing overweight and obesity in the population studied.
